The present work deals with the preparation and single point optimization of maltotriose syrup prepared from microbial pullulan. The enzyme pullulanase was used in this process for hydrolysis of pullulan. Production of pullulan was carried out in a shake flask fermenter with isopropanol precipitation. Various parameters like time, temperature, pH, amount of ethanol and effect of amount of enzyme on the hydrolysis of pullulan were optimized by single point optimization studies. The optimized values for the process parameters were 8h, 46°C, 5.5, 6 (v/v) and 10 ASPU/g for time of hydrolysis, temperature, pH , amount of ethanol and amount of pullulanase enzyme respectively. The results obtained from HPLC, confirmed that major component present in the hydrolysate were composed of maltotriose. Results of experiments indicated that this was a promising way of preparation of maltotriose.
Maltotriose syrup is a type of sweetener which is produced from starch. It is a part of liquid glucose (a commercial sweetener composed of maltotriose, glucose, maltose, and maltotetrose) and brown rice syrup 1 . It can be used in breads, cakes and other baked goods due to its water reserving properties. Maltotriose rich syrups are being produced from maltose syrup by cation exchange resin chromatography and maltose solution of 98% purity is obtained as a byproduct 2, 3 . Pullulanase can be used for the production of maltotriose by the enzymatic hydrolysis of pullulan. Generally, pullulanase is a de-branching enzyme, which cleaves the glycoside linkages present in the pullulan 4 . This syrup possess many excellent properties as low freezing point depression, mild sweetness, keeps in moisture, prevention of retrogradation of starch in foodstuffs, less color formation compared with maltose syrups, glucose syrups or sucrose, good heat stability, low solution viscosity, high fermentability and favoring glassy states. These properties are useful in food and pharmaceutical industries 5 . High maltotriose syrup may be applied in the food industry for the manufacturing of desserts, baking and brewing, as well as in the pharmaceutical industry for replacing glucose in intravenous feeding 6 . Maltotriose syrup has so many applications in food industries. It possesses excellent properties like low freezing point depression, mild sweetness, less colour formation, good heat stability etc., as shown in Figure 1 . Although maltotriose producing amylase enzyme can make the syrup, but its purity and yield is not satisfactory 7 . Hence an alternative way for production of high maltotriose syrup content is to be investigated.
In this paper, we have tried to preare the maltotriose syrup from the microbial pullulan produced from Aurebasidium pullulan-SB-1 with the help of pullulanase enzyme through hydrolytic breakdown. In addition to this, different process parameters were optimized for the production of maltotriose.
MATERIALS AND METHODS

Pullulan production
The production and characterization of pullulan was performed in our previous study 8 from the isolate of Aurebasidium pullulan-SB-1. In this process, pullulan was produced in the 250mL Erlenmeyer flask The composition of the medium for the production of pullulan was as follows: Sucrose 60.0 g, K 2 HPO 4 7.5 g, NaCl 1.5 g, MgSO 4 .7H 2 O 0.4 g, Yeast Extract 0.4 g and distilled water 1,000 mL. The pH of the medium was adjusted to 6.5 by adding 0.1 M NaOH. After preparation and sterilization of the medium, 1 mL of the prepared inoculum (5×10 6 spores) was inoculated to 100 mL of the production medium and was incubated for 6 days under agitation (150 rpm) at 25°C.
Hydrolysis of microbial pullulan in the fermentation broth
After the 6 days of fermentation, the culture was centrifuged at 7,000 rpm for 20 min at 4°C in order to separate the biomass from the broth. The pullulanase enzyme (Source: Bacillus acidopullulyticus, Sigma, USA) was added to the Erlenmeyer flask containing 100mL of the centrifuged broth. Different amount of pullulanase enzyme ( 2, 4, 6, 8, 10, 12 and 14 ASPU/g) was added in order to find optimum enzyme concentration for maximum maltotriose syrup production. The reaction mixture was kept in a thermostatic water bath in different range of temperature (40°C, 42°C, 44°C, 46°C, 48°C, 50°C and 52 °C ) for different time durations (2 h, 4 h, 6 h, 8 h, 10h and 12 h). Aliquot have taken from the reaction mixture and was added with 0.1M of trichloroacetic acid in order to terminate the reaction. The Dextrose Equivalent (DE) value of the reaction mixture was calculated in order to find the degree of hydrolysis, which is the function of the production of maltotriose syrup in the broth. The experiment was performed in triplicate.
Precipitaion of the maltotriose syrup
The reaction mixture was filtrated through a filtration membrane (1000 Da interception membrane) and made it concentrated. To the filtrate, different volume of ethanol (2, 4, 6, 8, 10 and 12) was added for its precipitation. The precipitate was dried at 80°C in a hot air oven up to attainment of constant weight. The optimum amount of ethanol required was calculated according to the highest recovery of the maltotriose. The experiment was performed in triplicate.
HPLC analysis of maltotriose syrup
In order to find the purity of the product, the HPLC analysis was performed with a Water 1525 binary HPLC pump equipped with C 18 column (150 mm × 4.5 µm) and Waters 2487 dual ë absorbance detector having rheodyne manual injector. The sample for the study was prepared with de-ionized water (1mg/mL). The chromatogram was developed using the mobile phase consisting of HPLC grade water with the constant flow rate of 0.7 mL per minute in the isocratic mode at the room temperature. The retention time for each signal was recorded at the wavelength of 210 nm. The data was processed with the Empower software. The commercial pullulan (Sigma, USA) was used as a substrate for the pullulanase enzyme and the released maltotriose was recovered with ethanol precipitation and was used as the standard for the analysis.
RESULTS AND DISCUSSION
Hydrolysis of microbial pullulan in the fermentation broth and its optimization
Various parameters like time, temperature, pH, amount of ethanol and effect of amount of enzyme on the hydrolysis of pullulan were optimized by single point optimization studies.
Effect of time on hydrolysis
The time course of hydrolysis of pullulan with pullulanase enzyme was made for a period of 12 h. There was an obvious increase within 4 h in Dextrose Equivalent (DE) production, which is directly proportional to the extent of the hydrolysis. Maximum amount of DE was achieved after 8 h. Hence optimum hydrolyzing time was considered to be 8 h (Figure 3) .
Effect of temperature on hydrolysis
The temperature of the reaction mixture plays an important role in the activity of enzyme kinetics, that directly affect the activity of pullulanase enzyme for hydrolysis. The effect of different temperature varying from 40°C to 52°C for the pullulanase activity in terms of the production of DE is shown in Figure 4 . Maximum DE of the hydrolysate was obtained at 46°C. Conversely, different temperatures like 50°C, 75°C, 90°C for the hydrolysis of pullulan with pullulanase were reported by various researchers 9, 10, 11, 12 . The variation in the optimum temperature for the maltotriose production by pullulanase enzyme may be due to differences in the source of the enzymes 13, 14 .
Effect of pH on hydrolysis of pullulan
The pH of reaction mixture generally influence the activity of the pullulanase enzyme and hence for the production of maltotriose from pullulan. Therefore, effect of different pH values ranging from 4.0 to 6.5 on pullulan hydrolysis in term of DE were investigated. From Figure 5 , it was found that, maximum DE of the hydrolysate was achieved at pH of 5.5. Different values of optimum pH values like 5.5, 5.9, 6.0 and 7.0 for the hydrolysis of pullulan with pullulanase have been reported by some researchers 15, 16, 17 . The variation in the optimum pH values for the maltotriose production by pullulanase enzyme may be due to differences in the source of the enzymes. Effect of amount of ethanol on recovery of maltotriose The hydrolysates were filtered through a membrane filter with the help of vacuum pump and was concentrated about 20% (w/v) h the help of rotary evaporator before ethanol precipitation. Different volumes of ethanol ranging from 2 to 12 (v/v) were taken in to consideration for the recovery of the maltotriose. From the Figure 6 , it showed that, maltotriose recovery was increased with increasing the amount of ethanol. However, when the volumes of ethanol was increased more than 6, the recovery of maltotriose was unaffected. Hence, optimal volume of ethanol required for the precipitation of maltotiose was found to be 6 (v/v). Figure 7 shows the effect of amount of pullulanase on the production of maltotriose. The DE values increased with increasing amount of pullulanase up to 10 ASPU/g and beyond which, the DE value was found to be constant. Hence maximum DE was observed at 10 ASPU/g of pullulanase, and at this level pullulan was saturated with pullulanase enzyme.
Effect of pullulanase enzyme
HPLC analysis of maltotriose syrup
The HPLC analysis was performed in order to find the purity of the maltotriose syrup obtained from both commercial pullulan (Sigma, USA) and microbial pullulan respectively under the same experimental conditions. The hydrolysate obtained from the commercial pullulan after its hydrolysis with pullulanase was used as the standard for this analysis. Figure 8 shows that the significant peaks found in both standard (A) and test (B) are nearly superimposed with each other. Hence it confirms that major component present in the hydrolysate are composed of maltotriose. 
CONCLUSION
Maltotriose can be prepared by hydrolyzing of pullulan with pullulanase. The optimum hydrolyzing conditions were as follows: time, 6 h; pH, 5.0; temperature, 45 °C; amount of pullulanase, 10 ASPU/g. Under these conditions, the maximum DE was obtained. The hydrolysates were subject to Wltrating through a Wlter membrane that could intercept any particle whose molecular weight was more than 1,000 Da in order to remove any polymers, concen-trated to about 20% (w/w) and precipitated with 8 volume of ethanol. The precipitates obtained were dried at 80°C for 2 h. The content of maltotriose in the product and the yield of maltotriose were 93.5% (w/w) and 87.3% (w/w), respectively. All samples were white powder and soluble in water
